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The  effective  operation  of  oonplax  nan-nachine  systems  ie  a  tJvTr  klr 
Fwc*  problem,  ead  one  that-ff»e~RAy&- Corperatiente -Oystsns  ResasTT^totacrra^ 
tory  h*«  W«n- working  on~f or-lho-last  famtyE—»w» — Solution*  to  th±»  pwmla* 
require  arr  understanding  -of  grcmp'  rsther^than  individual  bshtTlor.  iff^its 
laborato rj  studies  of  complete  organisations  th®  3ystesm  Research  Labora¬ 
tory  hae  used  a  full-soal®  nodal  of  an  air-defense  direction  center.)  It 


has  studied  thls-Model  1^  - great  "detail- In  Much  the  as—  1 
alroraft-*rr~rtPdl»t!"iir-rtTiy-ttmnals»~--  by  aaaipMletiagan 


apply  stress  w^hsfr  weaknesses  that  show. 


La- nodal 


e  stodel  can  be  used  as 


the-  basis-  for  M«Hy 


lMprovjpsiit  r.  :  Buterganl— tlmas  -change  under  strata 
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nd  one  Major  result  of  this  study  baa  been  techniques 


for  using  group  learning  in  greatly  lap  coring  system  per  fortaance. 


The  characteristics  of  the  air-def ense  direction.  center  uptd  as  the 
tubjset  of  a  study  of  organisational  development  slMyllfjj^fthd'pyyBlSBi  of 


research  and  sad*  It- possible- W-  see  sere  of-the-< 


learning  this 


than  a  grasp  of  iwtleHhasler- 


a  twit  rtthsr 


-leaming  ean  be  described  by  qrSmtita- 


deeerlptlons 


In  addition  to  a  theoretioal  approach  that  oan  be  used  by  other 
scientists,  the  results  of  this  study  hare  aanj  implications  for  syst< 
design,  especially  in  personnel  selection  and  training  and  in  hunan 
engineering.  /X 
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No  Air  Fores  mission  can  be  accomplished  without  men. 

The  accomplishment  of  many  Air  Force  missions  depend*  on 
the  ability  of  two  or  more  individual*  to  act  In  cooperation 
a*  a  group.  .  .  Failure  of  weapon  rj stem*  nay  be  due  to 
failure  in  effective  crew  functioning  even  when  individual 
group  member*  posses*  the  requisite  skills  and  abilities  for 
their  individual  Jobe. 

.  .  .  Increasing  the  effectiveness  with  which  the  Air 
Force  can  accomplish  it*  peace  and  wartime  missions  by  pro¬ 
moting  better  group  functioning  among  individual*  working 
together.  .  .  [can  be  obtained  j  through  developing  mean*  nf 
evaluating  the  group* •  performance,  of  identifying  the  organi- 
xation,  [of  finding >  policies  and  procedure*  of  the  group 
which  most  dlr*ctly-contribut*  to  superior  performance,  and 
of  testing  method*  for  assembly  and  training  of  groups  which 
most  likely  will  provide  effective  units. 


This  excellent  statement  of  the  problems  of  making  organisation* 
effective  is  from  a  recent  Air  Force  Technical  Document.  It  not  only  des¬ 
cribes  one  of  the  Air  Force* s  most  critical  problems,  but  in  pointing  out 
where  solutions  might  be  found  it  also  dsfines  th#  purpose  of  "Hie  RAND 
Corporation’s  Systems  Research  Laboratory.  Irfhat  this  Laboratory  is  trying 
to  uo  is  precisely  this  development  of  "means  of  evaluating  group  performance," 
this  "identifying  the  organisation"  and  finding  the  best  policies  and  pro¬ 
cedures  and  th*  beet  training  methods. 

Our  present  technological  society  has  become  almost  completely  dependent 
on  large,  complex  man-machine  systems.  But  these  systems  have  become  so  big 
and  so  complex  that  they  are  almost  beyond  th#  comprehension  of  the  men  who 
operate  and  direct  them.  As  the  systems  have  grown  in  site  and  complex! -y, 
the  tasks  of  the  men  who  run  them  have  too.  Bigger  and  more  complicated 
machinery  won’t  necessarily  give  us  better  results.  It's  necessary  to 
understand  the  behavior  of  the  men  who  operate  theee  systems,  and  sinoe 
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systems  m  run  by  tMU  end  not  by  individual*,  understanding  the  critical 
nuaan  slsments  of  these  systems  means  going  beyond  individual  psychology 
into  the  terra  incognita  of  organisation^  behavior. 

The  continental  air-daf enae  system  is  a  good  example  of  what’s  been 
happening.  Just  a  few  years  ago  an  aircraft-warning  net  that  surrounded 
the  entire  country  would  hare  been  little  more  than  a  wild  dream — a 
communication  network  of  thoneauUs  chines  t^at  linVM  together 

fighter  baees,  radar  sitea,  interceptors,  civilian-defense  groups,  the 
Civil  Aeronautics  Authority,  and  other  organ! aat lone  that  had  to  work 
together  on  split-eeoond  schedules  was  patently  out  of  the  question.  But 
this  trenendous  (and  tremendously  complicated)  system  is  in  operation 
today,  and  a  bigger  and  more  complex  one  will  r<e  operating  tomorrow. 

In  using  systems  like  this  one  there  are  new  problems  of  selecting, 
training,  and  utilising  men — problems  In  which  questions  of  the  proper  use 
of  individual  specialists  are  only  a  beginning.  Today’s  problems  have 
become  those  of  group  coordination  and  integration,  of  team  performance 
and  team  learning,  the  problems  that  are  the  critical  cnee  in  understanding 
and  operating  ean-ea chine  systems. 

Understanding  how  groups  of  aen  work  together  effectively  is  obviously 
of  very  general  interest,  in  the  industrial  and  coamercial  world  as  well 
as  to  the  armed  services,  and  a  problem  that  requires  a  variety  of  research 
efforts.  Operations  analysts,  industrial  enginsers,  sociologists,  political 
scientists,  psychologists,  planners,  and  executives— to  mention  only  a 
few— have  been  working  on  it. 

The  RAHD  Corporation’s  3ystsms  Research  Laboratory  has  been  studying 
these  complex  systems  in  a  laboratory  with  experimental  methods.  The 
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Laboretury  has  been  studying  complete  systmas,  not  just  parts  of  systems, 
and — probably  bo  at  important — it  has  studied  them  as  m*n-m  ohl^s  system*, 
deliberately  considering  men  as  integral  parts  of  ths  system. 

This  paper  will  prassnt  a  general  pioturs  of  how  this  was  dona,  what 
was  laamed  by  doing  it,  and  what  tha  iaro implications  of  lh*oe  studlas 
might  ba  and  whara  thay  will  fit  in  tha  gensral  soh ana  of  research  activity. 

THE  3T  iJTEX  3HJDISD 

It  became  obvious  aarly  in  thasa  studias  that  simulation  techniques  and 
taohnlquas  for  controlling  larga-scale  experiments  would  hara  to  ba  puahad 
bayond  thair  ourrant  stata  of  developmsnt  and  that  it  would  ba  naoaaaary  to 
•alact  a  kind  of  organisation  that  lant  ltsalf  to  baing  studiad  with  tha  naw 
taohnlquas.  Tha  system  eel a c tad  wsa  suited  to  thsas  laboratory  taohnlquas; 
it  was  also  of  critical  importance  to  tha  Air  Pores  and  one  that  had  enough 
in  common  with  other  systems  to  give  tha  results  generality. 

Tha  Hr- Defense  Direction  Canter 

This  system  was  tha  air-defense  direction  center,  an  organisation  that 
defends  a  portion  of  tha  United  States  against  enemy  air  attack.  In  many 
waya  a  direction  canter  la  a  complete  system;  it  has  all  tha  information 
available  about  tha  air  traffic  in  ita  area  and  controls  weapons  for  stopping 
enemy  air  attacks.  Vhat  was  simulated  in  tha  laboratory  was  a  elosa  approxi¬ 
mation  to  a  real  direction  oanter— a  full-scale  modal  manned  by  a  standard 
oraw  of  30  to  40  man.  Pour  air-defense  experiments  ware  oonduoted.  Each 
ran  for  about  200  hours— tha  equivalent  of  about  six  weeks  of  normal  lift 
in  a  real  direction  omnter. 

figures  1  and  2  (Craw  Members  In  Laboratory) 
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A  direction  center  is  *  rather  complex  organisation  with  quite  a  complex 
Job  to  do.  The  laboratory  crews  had  to  defend  an  area  of  roughly  100,000 
square  miles-  During  each  experiment  there  were  about  10,000  flights  orer 
this  araa.  The  air  traffic,  which  increased  more  than  threefold  during 
the  experiment,  included  a  wide  variety  of  flights — from  coam»erchal  sir  iiners 
on  transoceanic  flights  to  cub  aircraft  hedgehopping  from  airport  to  airport. 
Hostile  attacks  vn  targets  in  ths  area  ranged  from  single  bombers  trying 
to  camouflage  themselves  in  the  flight-plan  traffic  to  mass  raids  of  as 
■any  as  25  hostilss.  Symbols  containing  information  about  these  riigm-a  cam* 
into  the  system  at  an  average  of  300  a  minute — a  rate  of  information  input 
that  added  up  to  something  like  two  million  symbols  during  an  experiment. 

Choosing  a  3ystsm  to  Svudy 

Two  conceptual  issues,  resolved  before  the  experiments  started,  were 
crucial  ones  for  making  these  studies  possible.  Both  of  these  issues, 
which  were  conoerned  with  the  kind  of  organisation  to  be  etudied,  delimited 
a  complicated  problem. 

First  of  all,  the  air-defense  direction  center  is  an  organisation  in 
which  task  accomplishment  has  a  well -accepted  social  value  and  one  whose 
successes  and  failures  art  fairly  easy  to  evaluate  at  almost  any  time  during 
its  operation.  An  experimenter  can  hare  confidence  in  an  air-defense  crew*  s 
motivation  to  defend  the  country  against  air  attack  and  in  recognition  of 
sue ossa  and  failure.  And  this  motivation  is  complicated  very  little  by 
previous  personal  histories.  The  complex  of  values,  attitudes,  and  beliefs 
that  influence  this  organisation* s  development  are  derived  mostly  from  th# 
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craw's  axpariance  with  air  defanaa.  3acau*a  tha  group*  studied  war*  ntwiy 
*B*«abl*d,  *  good  part  of  thia  happen*^  right  in  th*  laboratory . 

A  aaoond  advantage  of  studying  a  diraction  c*nt*r  i*  that  nora  of  tha 
gr oup'*  activity  can  ba  obaanrad  than  in  aany  othar  organisation*.  Much 
of  th*  c raw**  baharior  in  daaling  with  it*  task  ia  varbal  rasponsa  to  known 
stimuli — aithar  to  othar  varbal  baharior  or  to  taak  information  coming  into 
tha  systan.  Thar*  i*  littla  of  isportano*  that  can't  ba  aaan  or  haard  by 
tha  axpariasntar. 

3 in oa  thoea  axparlaants  inrolrad  group*  of  naarly  40  own,  chooeing  a 
tystaa  that  had  thasa  oharactariatic*  aimplifiad  tha  problwc  tramandoualy. 

Tha  motivation  of  tha  man  undar  study  and  tha  Mans  of  Maturing  ays tan 
•ffactivana**  war*  both  ralativaly  uncoaplioatad.  Moat  of  tha  group* • 
ralsrant  baharior — and  tha  way  this  baharior  ohangad — waa  axposad  to  viaw. 

THE  METHODS  USED 

Although  a  daseription  of  tha  *yst«n  studiad  giva*  io«  idaa  of  tha 
•Isa  and  *copa  of  tha  axparlaants,  tha  idaa*  bahind  fHa*a  axpariaant*  can 
ba  put  into  a  largar  con  tart  and  ona  that  i*  probably  acra  Manlngfdl. 

Sinoa  tha  affact*  of  aquipaant  ■odifieation*  wars  not  tha  objact  of  study, 
tha  physical  raaourca*  war*  kapt  constant  during  aach  axpariaant  and  tha  taak 
was  variad.  Any  iaprovaaants  in  parforaanua  dapandad  antiralj  or.  aaoh  craw* e 
skill  in  using  th*  raaourca*  it  alraady  had. 

Tha  Syataaui  Raaaarch  Laboratory'*  facilltia*  ara  u*ad  tc  study  human 
organisation*  in  much  th*  aaiw  way  a  wind  tunnal  is  uaad  in  iaraloping  rmt 
aircraft.  In  both  aathod*  tha  expariaantara  aanipulata  an  anvirow nt  to 
apply  strata  to  highly  d stall ad  modal*  *o  that  tha  parforaanca  of  tha 
prototypa  oan  ba  pradiatad  and  ahangaa  aada  to  Jumprova  it.  A  wind  tunnal 
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»'•••  a  detailed  scale  model  of  the  Aircraft,  whose  flight  characteristics 
ara  being  atudiad;  the  Syatswe  Research  Laboratory  used  a  ciodei  organization 
of  3C  to  40  nan  that  was  practically  i  _^1  scale.  By  exposing  the  nodal s  to 
critical  environmental  conditions  over  and  oxer  again  in  different  combina¬ 
tions,  both  facilities  caun  ha  used  to  aixpose  weak  points  in  the  deaign  of 
the  prototype. 

Both  wind  tunnels  and  this,  way  of  studying  rganizati  .>ns  rely  heavily 
on  elaborate  Measuring  devices.  And  both  of  than  accumulate  env-naous 
•■nvr.t*  of  data — a  w  w  *  i  f  l  &  ct ,  that  a  corps  of  specialized  professional, 

technical,  and  clerical  workers  is  needed  to  handle  it.. 

Research  facilities  such  as  the  Bystaas  Research  Laboratory,  again  like 
wind  tunnels,  are  big  and  expensive,  but  they  say  well  become  as  indispen¬ 
sable  in  designing  and  improving  systems  as  wind  tunnels  are  in  designing 
aircraft. 

3ut  with  all  these  similarities,  ♦nere  is  one  main  difference  between 
wind-tunnel  studies  of  aircraf.  and  large-scale  laboratory  research  with 
huaan  organizations.  In  experiments  with  organizations,  the  laboratory 
axial  changes  under  stress.  It  learns.  Learning  is  an  invaluable  charac¬ 
teristic.  It  is  also  a  complicating  one.  Because  organizations  loam,  a 
formula  for  predicting  thalr  performance,  unlike  a  formula  for  predicting 
the  behavior  of  aircraft,  has  to  take  into  account  the  way  the  organization 
changes  under  stress. 

Although  aspiring  to  study  complete  man-machine  systems  is  obviously 
fine  in  principle,  worthwhile  results  depend  on  how  effectively  aspirations 
are  translated  into  experimental  form.  An  Important  aspect  of  this 
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translation  is  fining  "observational  access  to  the  phenomena."  "'b  serve 
tional  acceee"  is  more  thAr  being  sole  to  get  meaningful  data  *'-*«  prioarl ly 
&  problem  of  getting  worthwhile  phenomena  to  occur  at  all.  If  an  organiza¬ 
tion  is  to  be  observed  under  e  variety  of  conditions,  it’ a  eeeer.tial  that 
the  men  who  are  being  etudied  function  a»  an  organization  and  not  Just  ae 
a  group  of  individuals  and  that  they  are  stixc-lttsd  to  develop  ae  an  organi¬ 
zation — to  learn  as  a  group.  This  failed  to  happen  in  the  first  experiment— 
the  organization  learned  eo  such  faster  than  it  had  been  expected  to  that 
long  before  the  expe’-iment  was  over  the  taak  that  had  been  eo  carefully 
prepared  became  eo  easy  that  the  group’s  performance  was  no  longsr  worth 
observing. 

KSolXT3  KHZ  THfc-RT 

The  outstanding  eespirical  result  of  these  experiments  was  the  degree  to 
which  an  air-defense  r.rev  can  learn  to  use  Its  resources  more  effectively. 
That  a  group  of  human  beings  can  learn  is  by  no  means  a  momentous  conclusion 
— after  all,  it  seen*  rather  obvious  to  say  that  the  performance  of  a  system 
can  be  improved  if  it  has  resources  of  one  kAnd  or  aether  that  it  hasn’t 
used  before.  What  was  startling  in  these  experiments  was  the  extent  to  which 
performance  oould  be  improved  by  exploiting  three  unused  resources.  Although 
the  task  load  was  increased  gradually  eo  that  it  was  more  than  three  times 
as  great  at  the  end  of  the  experiment  as  it  had  been  in  the  beginning,  each 
of  the  four  crews  kept  up  a  highly  effective  defense  of  the  area  against 
enemy  air  attack. 

Because  an  organization  whose  achievement  is  readily  measured  was 
chosen  for  study,  the  evidence  for  saying  that  organizational  development 
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dld  take  place  1*  readily  found.  Although  traffic  was  continually 
increased  during  each  experiment  to  the  point  where,  in  the  Last  part  of 
each  -experiment.,  It  was  heavier  than  the  normal  air  traffic  In  any  part 
of  the  United  States,  each  crew* c  defense  against  hostile  attacks  of  all 
kinds  continued  at  s  more  effective  level  than  ire  had  any  reason  to  aspect. 

( Incidentally  there  were  so  many  similarities  in  performance  and  develop¬ 
ment  among  the  four  emu  that  crew  learning  can  be  considered  in  the 
singular,  since  »#hat  happened  in  an/  one  of  the  crews  was  fairly  typical 
of  all  of  them.) 

Task  and  Response  Models 

But  the  scientific  significance  of  tha  Systems  Research  Laooratory*# 
work  is  the  way  these  experiments  exposed  the  process  of  organisational 
development . 

Just  what  does  an  air-defense  crew  do  to  maintain  effective  performance 
in  dealing  with  a  task  that  keeps  getting  harder  and  harder?  A  rather 
obvious  answer  is  that  it  spends  its  efforts  more  efficiently.  With  each 
Increase  in  the  number  of  tracks  the  crew  had  to  deal  with  saturation 

seemed  imminent  because  the  orew  found  it  more  and  more  difficult  to  con¬ 

tinue  handling  each  track  with  its  current  procedures.  But  each  time  that 
saturation  seemed  imminent,  some  way  of  simplifying  the  Job  was  found. 

One  way  to  measure  the  effort  a  crew  expends  is  by  the  number  of  items 

of  information,  suoh  as  position  rsports,  it  usss  to  hand!#  ths  task. 

There  was  only  a  slight  increase  in  the  rate  of  information  flow  during  an 
experiment.  As  a  matter  of  fact,  during  ths  last  hour  of  the  experiment, 
when  the  load  <a*  more  than  three  times  as  heavy,  the  orew  used  Just  about 
ths  same  amount  of  information  it  did  during  the  first  tiour. 
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It  maintained  this  unexpectedly  high  degree  of  success  in  defending  th« 
atm  by  concentrating  on  truffle  that  was  potentially  hostile,  spending 
•Miller  end  mailer  Amounts  on  the  rest  of  the  tracks.  If  the  erw  had 
spent  lte  efforts  At  the  sue  rate  during;  the  lest  hour  as  it  did  during; 
the  first,  it  would  hare  used  nearly  1,300  items  of  information.  Actually, 
it  used  only  64 0— lust  about  half  of  what  would  hare  been  necessary  If  it 
hadn’t  changed  its  ways  of  handling  the  task.  Tills  is  one  example  of  more 
effective  use  of  the  same  amount  of  effort— an  illustration  of  how  the 
drew  Assigns  the  kind  and  amount  of  effort  to  task  events  it  considers  import¬ 
ant.  This  rough  measure  of  effort  expended  Is  the  "response  model”  (Pig.  3* 
mg*  9a). 

But  since  there  are  so  many  task  events,  ths  crew  must  have  some  way  of 
deciding  which  ones  are  Important.  It  does  this  by  making  distinctions 
between  tracks  that  it  has  to  deal  with  to  accomplish  the  task  and  those 
that  it  doesn’t  have  to  deal  with  at  all.  These  progressively  finer  dis¬ 
tinctions  about  which  classes  of  tracks  need  to  be  handled  make  up  the 
"task  model9  (Fig.  4,  page  9a).  Although  the  number  of  tracks  in  the  task 
Increased  steadily,  there  was  only  a  slight  increase  in  the  number  of  tracks 
the  crew  dealt  with.  3ine«  it  continued  to  defend  the  area  successfully, 
even  though  it  dealt  with  only  part  of  the  tracks  (about  40  per  cent  of  them 
in  the  last  hour),  these  distinctions  were  obviously  effective  ones.  The 
important  discriminations  were  between  threatening  flights  (traffic  coming 
from  certain  directions)  and  nonthreatening  ones  (traffic  going  in  other 
directions). 

These  models  enable  the  organisation  to  spend  its  effort  more  effectively 
by  determining  what  efforts  will  be  given  priority.  By  making  appropriate 
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THE  RESPONSE  MODEL 


Pig.  3*  Although  thara  ia  only  a  alight  incraaW s 
in  tha  mount  of  affort  a  craw  a  panda  during 
an  exparinant,  nor#  and  nor#  of  it  ia  apant  on 
critical  traoka. 


THE  TASK  MODEL 


TOTAL  EFFECT 


Dl  STR:3UTI0N 


Number 
of  frocks 


Percent 
Of  trocks 
handled 


Stimulus 


Important  Class 


T racks  Handled 


Unimportant  Closs 


Pig.  4*  Tha  nunbar  of  traoka  the  crav  handlaa  does  not 
inoraaaa  aa  feat  aa  tha  nuatbar  of  traeka  in  tha 
stljaulua  (l«ft).  Thia  occur*  baoauao  it  handlaa  a  awajr 
la-  and  aaallar  proportion  of  noncrltioal  traeka  (right; 
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ohanges  in  the  models  th«  organisation  can  adapt  to  changing  task 
circumstances. 


A  Theory  of  Organisational  Learning 
Theee  empirical  results  st«  to  indicate  that  an  organisation  will 
look  for  now  patterns  of  behavior  when  It  needs  thee — when  it  is  under 
stress.  Stress  in  an  organisation  scans  to  arise  fro*  failure  to  perform 
effectively  or— for  an  equally  important  reason — because  it  has  to  work 
too  hard  to  avoid  failure.  The  first  is  "failure"  stress i  the  second, 
"discomfort"  stress. 

*  This  effect  of  stress  on  organisations  suggests  an  analogy  between 
group  learning  and  the  familiar  description  of  individual  learning:  stress, 
new  and  appropriate  response,  re inf ore  ament.  Without  stress,  organisations 
don’t  learn.  Without  reinforcement,  they  don’t  learn  rapidly. 

The  results  of  these  experiments  indioats  that  group  learning  is  an 
assent ial  factor  in  any  equation  for  predicting  organisational  effective¬ 
ness.  Prom  the  analogy  to  individual  learning,  the  main  outlines  of  this 
theory  seem  dear — It  must  include  the  source  of  stress  (the  disoomfort  and 
failure  that  act  as  pressure  to  learn),  and  ways  of  reducing  stress  (the 
priority  schemes  of  the  task  and  response  models).  Such  a  formulation 
should  help  to  predict  how  fast  and  how  far  a  system  can  adapt,  to  identify 
what  is  difficult  in  the  task,  and  to  define  the  conditions  that  help  an 
organisation  use  ite  resources  most  effectively. 

Perhape  the  most  Important  result  of  thsse  experiments  is  that  such 
oonoepts  as  stress,  rate  of  learning,  and  so  on  can  be  described  quantita¬ 
tively.  There  are,  to  be  sure,  sosm  praotloal  difficulties — the  Laboratory 
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now  has  over  12,000  hovrs  of  recordings  and  scat  60  fila  drawara  cf  support¬ 
ing  information  from  tha  air-dafanea  studies.  Thus  fa r,  some  100,000  IBM 
cards  have  been  ooded  for  aaoh  axperiment,  with  perhaps  an  equally  large 
amount  of  information,  not  yet  successfully  coded,  left  osar. 

These  coded  data  are  being  used  to  represent  measurable  failure  and 
discomfort  stress,  and  the  relationship  between  stress  and  changes  In  the 
task  and  response  models  is  being  explored.  This  has  brought  up  questions 
of  the  place  of  energy  expenditure  in  group  learning  and  of  the  sequence  of 
successive  steps  in  adaptation.  Adaptation  seems  to  Involve  a  oaoplioated 
feedback  process.  When  the  task  becomes  nor*  difficult,  the  crew  absorbs 
some  discomfort — making  only  thoas  changes  it  can  make  readily— in  the  task 
model.  But  this  expedient  nay  well  add  failure  to  discomfort  Making  further 
changee  that  are  necessary—  in  the  response  model— requires  a  greater  degree 
of  coordination.  These  changes  require  additional  skill,  and  the  time 
needed  to  acquire  the  needed  skill  nay  be  another  source  of  failure.  As 
the  crew  adapts  to  success! re  failure  and  discomfort  in  this  say,  the  task 
and  response  model*  gradually  stabilise,  ouch  as  an  oscillating  function 
damps. 

But  adaptation  is  affected  by  many  details  not  yet  fully  understood — 
external  conditions  In  ths  environment  and  internal  conditions  in  the 
organisation  itself  that  help  or  hinder  learning.  An  example  of  thee* 
conditions  is  the  "grease  pencils  are  no  damn  good"  symptom  of  stress.  An 
organisation's  first  reaction  to  stress  seems  to  be  to  blame  external 
conditions,  faults  of  ths  equipment,  and  to  on.  At  one  point  or  another 
during  the  experiments  each  crew  blamed  Ineffective  operation  on  the  grease 
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pencils  It  used  for  marking  plots  on  the  big  mo  Tenant  board — the  pencils 
were  too  herd  or  too  soft,  they  broke  too  easily,  they  wer«n*t  the  right 
color.  But  complaints  like  these  disappear  when  the  crew  begins  to  find 
ways  of  doing  things  that  lead  to  better  performance. 

The  analogy  between  group  learning  and  individual  learning  suggests  the 
substitution  of  the  organisation  for  the  individual  as  the  organism  in  the 
classical  learning  model  when  organisational  adaptation  is  being  considered. 
In  these  air-defense  experiments  the  organisations  has  been  treated  as  a 
unit  rather  than  a  collection  of  Individuals,  not  only  in  managing  the 
experimental  conditions  but  also  in  analysing  the  data  and  in  building  a 
theoretical  framework  on  the  beeie  of  the  results.  With  this  kind  of  formu¬ 
lation  the  characteristics  of  individuals — their  personality  and  skill — 
appear  only  as  qualities  of  the  organisation.  Such  a  formulation  of  group 
learning  seems  consistent  with  much  of  the  data  and  has  some  rather  definite 
impli  oat  lone. 


SOKE  IMPLICATIONS 

There  are  several  implications  of  this  research — most  speoifloally  for 
personnel  training  and  selection  and  for  human  engineering.  Each  of  these 
areas  is  related  to  one  or  more  of  the  others,  and  in  working  out  their 
relationships  it's  not  easy  to  know  just  where  to  begin.  Although  the 
functions  of  equipment  define  the  human-engineering  problem,  just  what 
equipment  should  do  it  difficult  to  specify  without  the  underetamding  of 
system  operation  that  comes  from  intensive  examination  such  as  these  RAND 
air-defense  studies  provide.  And  so  it  is  with  setting  personnel -selection 
standards.  They  can  be  set  once  the  system  is  analysed  to  see  how  much  of 
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the  work  the  equipment  can  take  over ,  but  here  too  a  thorough  study  of 
systesi  operation  is  needed. 

However ,  some  human-engineering  and  personnel  requirements  oan  bs 
described  quite  gans rally.  Onot  ths  importance  of  group  learning  is  recog- 
nixad  it  follows  that  equipment  and  faeilitias  should  bs  arrangsd  not  Just 
to  facilitate  operation  but  also  to  hslp  tha  man  who  oparata  tha  system 
laarn  to  usa  its  full  potential  most  rapidly.  Or,  nora  practically,  sines 
specifying  what  thssa  men  ara  to  lsam  is  difficult  unlass  tha  system  oan 
ba  oparatad  undar  tha  emergency  conditions  it  was  assign ad  for,  doing 
anything  that  night  hinds r  group  1  naming  should  ba  aroidad.  Cosmunioatlon 
batwaan  mmnhsra  should  ba  aada  as  fraa  and  sasy  as  possibla.  Paoilitias 
should  ba  arrangsd  so  that  aaoh  nanbar  of  tha  group  is  given  as  conplata  a 
plcturs  aa  possibla  of  tha  task  and  how  tha  organisation  is  dealing  with 
it — in  oectrml  displays  of  some  sort  if  these  ara  feasible.  Headers  of 
tha  group  should  ba  given  a  ehanoe  to  nodify  their  procedures.  For  example, 
the  members  of  an  air-defense  craw  daralop  priority  aystsats  for  simplifying 
their  task;  if  inf  onset ion  handling  is  taken  over  by  electromechanical 
devioes,  the  nan  who  run  the  system  should  be  free  to  modify  the  procedures 
for  using  these  devices  to  utilise  then  most  efficiently. 

Considering  a  systea  as  an  integral  unit  rather  than  as  a  collection  of 
individuals  says  aomethlng  about  personnel  selection.  It  suggests  that,  in 
Banning  a  system,  teams  rather  than  individuals  should  be  selected — that 
matching  the  Individual  to  the  job  may  be  a  part  of  the  organisational 
development  process. 

The  need  for  system  training  has  shown  up  in  ths  difficulties  of  getting 
today* s  complex  aaa  machine  systems  to  perform  as  expected.  Reliance  on 
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the  adaptive  eapeeilities  of  the  operators  is  implicit  la  the  design  of 
■ost  of  these  i/itwi,  but  unfortunately  developing  those  capabilities  so 
that  the  iyit«i  will  perform  adequately  in  an  mrgtaaj  requires  experience 
under  or it load  etreeaes  equivalent  to  those  of  an  m urgency*  These  experi¬ 
ment  s  here  shown  that  syste*  training,  which  oan  iapc.ee  such  stresses, 
does  result  in  *uoh  wore  effect  ire  use  of  e  system's  resources—  that  it  is 
one  way  of  asking  the  full  potential  of  a  cysts*  available  before  an 
emergency  occurs.  They  have  also  enabled  us  to  understand  enough  about 
how  the  organisations  developed  in  the  laboratory  to  formulate  a  useful 
principle  that  aayat  Train  the  teas  a*  a  whole  in  an  adequately  simulated 
enrironeent  and  give  it  knowledge  of  results.  This  technique  treats  the 
organisation  as  a  unit.  It  helps  the  organisation  develop  by  providing 
appropriate  stress  and  the  needed  reinf ore enact.  Although  an  organisation 
gets  sons  idea  of  how  well  It  is  doing  Just  by  doing  it,  tbs  sore  oosplete 
the  information  about  the  results  of  its  operation  it  gets,  the  nore  it 
will  be  reinforced.  A  training  pro  gran,  therefore,  should  facilitate 
learning  by  providing  a  factual  orltlqua  which  helps  the  organisation 
identify  its  difficulties.  This  training  principle  is  presently  being  put 
to  use  in  a  particular  training  pro  gran— the  System  Training  Pro  gras  BARD 
is  installing  in  the  Air  Defense  Coenand. 

•  *  • 

The  dyetena  Research  Laboratory  has  been  looking  at  organisations  in 
a  aoawrwhat  different  way.  It  baa  considered  tbs*  as  integral  units  and, 
because  of  its  choice  of  an  organisation  to  study,  it  has  been  able  to  sss 


P-74C 

9-21-55 

-15- 


tha  daralopanct  prooaas  In  bom  detail.  It*  approach  imm  to  har*  quit*  a 
bit  of  proila#  for  undaratanding  and  inproring  nan-nachin*  ayatnaa;  it  ha* 
■an 7  inplioationa,  not  jrt  too  apacifie,  for  intagrating  training,  hunan 
anglnaarlng,  and  paraoimal-aalaction  prograaa. 

Tha  raaulta  of  tha  Laboratory* •  experiment*  with  air-dafanaa  organiaa- 
tlona  auggaat  that  on*  of  tha  aoat  important  thing*  in  making  thaaa  fantaa- 
tioally  lnganloua  nan-nachin#  ayatca*  work  la  tha  uaa  of  huaan  group-laarning 
ability  to  gat  tha  graataat  poaaibl*  utiliaation  of  a  ayataaa* a  raaourcaa. 

Thay  alao  auggaat  that  tha  boat  way  to  find  out  how  to  uaa  thla  ability  ia 
in  atudiaa  of  coaplax*  ayataaa. 

Tha  Laboratory* a  afforta  to  build  a  nodal  of  organisational  baharlor — 
a  nodal  that  ia  at ill  particular  to  a  linitad  rang*  of  hunan  baharlor — nay 
aaaiart  raaaaroh  workara  by  proriding  a  oogant  aat  of  thao  rati  cal  propoaltiona 
about  hunan  baharlor  that  can  guida  than  in  studying  broadar  araaa  of  hunan 
eodearor. 


